Infants with aortic arch interruption or juxtaductal coarctation of the aorta may depend on patency of the ductus arteriosus to provide adequate lower body perfusion. In many such infants the ductus arteriosus constricts after birth, resulting in severe heart failure, poor systemic perfusion and acidemia. We infused prostaglandin E1 (PGE1) at a rate of 0.05-0.1 Ag/kg/min into seven infants with aortic arch interruption and eight infants with coarctation. In one infant in each group the ductus arteriosus was already closed and did not reopen. In one infant with coarctation an adequate trial was not accomplished, and in another adequate pressure measurements were not obtained. Of the remaining 11, the ductus arteriosus was effectively dilated by PGE1 in 10 infants. This was evidenced by an increase in descending aortic blood pressures and a reduction in the pressure difference between the main pulmonary artery and descending aorta in six infants with aortic arch interruption and between ascending and descending aorta in four infants with coarctation. Lower body perfusion improved and left ventricular failure was improved. The infant who did not respond was 5 months old. There were no complications.
THE DRAMATIC EFFECT of infusing prostaglandin (PG) E1 or E2 to improve the oxygenation of infants with cyanotic congenital heart lesions in which pulmonary blood flow depended on patency of the ductus arteriosus has been reported. 13 The clinical use of PGE1 or PGE2 was based on observations that isolated strips or rings of ductus arteriosus tissue were relaxed by these agents. Earlier studies suggested that relaxation of the ductus arteriosus by PGE1 occurred predominantly in a low-oxygen environment and relaxation was limited in a high-oxygen environment. 4 Recent studies in our laboratory, however, showed that PGE1 is an effective relaxant of the ductus arteriosus in both highand low-oxygen environments .5 In several congenital cardiac lesions, maintenance of systemic blood flow or provision of adequate blood flow to the descending aorta after birth depends on patency of the ductus arteriosus. When the aortic arch is interrupted, the ductus arteriosus is essential to permit blood flow into the descending aorta from the pulmonary artery. We have reported previously the role of the ductus arteriosus in precipitating development of aortic obstruction and left ventricular failure in infants with juxtaductal aortic coarctation. 6 In infants with either of these lesions, arterial blood Po2 is usually normal or only slightly reduced. We examined the effectiveness of a PGE1 infusion in relieving symptoms in seven infants with aortic arch interruption and eight infants with juxtaductal aortic coarctation. The protocols for these studies were approved by the Human Research Committees at the University of California, San Francisco and the Milton S. Hershey Medical Center of the Pennsylvania State University.
Materials and Methods
The effects of infusion of PGE, were examined in 15 full-term infants at the time of diagnostic cardiac catheterization. Twelve infants were receiving digitalis and had received one or more doses of furosemide. Four infants received assisted ventilation during cardiac catheterization. The diagnosis of aortic arch interruption or juxtaductal coarctation was confirmed by cineangiography. The associated intracardiac abnormalities are listed in table 1. PGE1 (U 10136 Upjohn) was infused initially into the main pulmonary artery in three infants, the descending thoracic aorta in 11, and a peripheral vein in one, in amounts of 0.025-0.1 gg/kg/min (table 1). In patients 1 and 4, a catheter was manipulated retrogradely from the umbilical artery into the main pulmonary artery. In patient 3, PGE1 was infused into the main pulmonary artery only during the cardiac catheterization procedure and thereafter was infused into a peripheral vein. In patient 13, the infusion was given into a peripheral vein at the termination of the cardiac catheterization. In the other 11 infants, the catheter was advanced retrogradely from either the umbilical or femoral artery and the tip was positioned at the level of the ductus arteriosus.
In all infants in whom PGE1 was infused into an arterial catheter, pressure was monitored continuously through the same catheter with a Sorenson Intraflo unit (Sorenson Research Co, Salt Lake City, Utah).
The infusion was maintained for 30 minutes-20 hours (table 1). Both before and during PGE1 infusion, patients 7 and 15 had no evidence of patency of a ductus arteriosus either by measurement of oxygen saturations or by cineangiography; the infusion was dis- Abbreviations: Ao = aortic; LCAleft carotid artery; LS = left subelavian artery; PDA = patent ductus arteriosus; MPA main pulmonary artery; VSD = ventricular septal defect; TAo = thoracic aorta; ECD = endocardial cushion defect; Ppulmonary; ASD = atrial septal defect.
continued after 90 minutes in patient 7 and after 30 minutes in patient 15. Because PGE1 did not reopen the ductus arteriosus in these two infants, they were excluded from the analysis of the effects of PGE1 on arterial pressure, perfusion, and blood gases. Patient 14 had had a cardiac arrest and several episodes of severe bradycardia and hypotension before the infusion. PGE1 infusion was discontinued after 60 minutes, when hypotension and bradycardia occurred again. This infant was also excluded from the pressure analyses, since we did not believe that an adequate therapeutic trial had been accomplished. In 11 of the other 12 infants, the infusion was continued until surgical repair was completed. In one infant (patient 12), despite patency of the ductus arteriosus, we noted no increase in descending aortic pressure and the infusion was discontinued after 60 minutes. In each infant rectal temperature, respiratory rate, ECG, arterial blood pressure and heart rate were monitored throughout the infusion. The infant was observed closely for clinical evidence of distress. Descending aortic blood pH and blood gases were measured before and intermittently during the infusion.
The effectiveness of PGE1 in dilating the ductus arteriosus was assessed by measuring the pressure difference between the main pulmonary artery and the descending aorta in the infants with aortic arch interruption and between the left ventricle or ascending aorta and the descending aorta in the infants with jux-taductal coarctation. These pressures were measured simultaneously in infants in whom two catheters had been inserted. Pressures were measured with Statham P23 1D transducers and recorded on an Electronics for Medicine photographic recorder. Adequate pressure measurements during PGE1 infusion were not ob- tained in patient 13; the effects of PGE1, therefore, were documented satisfactorily in only 11 infants, six with aortic arch interruption and patent ductus arteriosus and five with juxtaductal coarctation and patent ductus arteriosus. In consideration of the small number of infants involved and the wide variations of pressures between patients, statistical analyses were not performed.
Results
The sex, age, and weight at the time of catheterization in all infants are shown in table 1.
Descending aortic blood gases and pH before and 30-45 minutes after starting the PGE1 infusion are shown in table 2. With few exceptions, no major change occurred, and the general trend was an increase in pH, Po2, and Pco2.
During PGE1 infusion in the six infants with aortic arch interruption and patent ductus arteriosus, there was no change in main pulmonary arterial pressures, while systolic, diastolic, and mean blood pressures in the descending aorta increased (table 3) . The systolic, diastolic, and mean pressures difference between the MPA DAo MPA main pulmonary artery and the descending aorta decreased in all instances (table 3 ). An example of pressure recordings obtained from one of these infants is shown in figure 1 .
In the five infants with juxtaductal coarctation and patent ductus arteriosus, ascending aortic systolic, diastolic, and mean pressures fell (table 3). In four of the five infants, descending aortic systolic, diastolic and mean pressures rose; in one infant (patient 12), however, there was no change in the descending aortic pressures. For the group, the systolic, diastolic, and mean pressure difference between the ascending aorta and the descending aorta fell markedly during infusion (table 3 ). An example of simultaneously recorded left ventricular and descending aortic pressures in one of these infants is shown in figure 2 ; in this infant there was no systolic pressure difference between the left ventricle and the ascending aorta. Left ventricular end-diastolic pressure in the five infants with coarctation fell from an average of 21 mm Hg to 16 mm Hg during PGE1 infusion.
Apart from the episode of bradycardia and hypotension in one infant (patient 14), no adverse effects of PGE1 infusion were noted. 
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Discussion
These studies have confirmed the recent experimental observations that the ability of PGE1 to relax the ductus arteriosus is independent of Po2 and that relaxation occurs at both high and low oxygen concentrations.5 In the infants with aortic arch interruption, the pressure differences between the main pulmonary artery and the descending aorta were reduced markedly, but were not completely abolished in any instance. This could be explained by anatomical changes within the ductus arteriosus or perhaps by lack of complete relaxation of the ductus arteriosus by the concentration of PGE, achieved. Higher doses may be effective; however, the degree of clinical and hemodynamic improvement did not justify increasing the infusion rate. In those infants with juxtaductal coarctation of the aorta, the pressure difference between the ascending and descending aorta was abolished completely in two infants and reduced markedly in two infants. This further confirms the role of constriction of the ductus arteriosus in precipitating hemodynamic obstruction of the aorta in infants with symptomatic coarctation.67
In two infants, we could not produce reopening of the ductus arteriosus after it had already closed. Possibly, anatomic closure had occurred in these infants, thereby preventing dilatation. In one infant (patient 14), an adequate trial of PGE, was not accomplished, because the infant was gravely ill before and during the procedure and the hypotensive episode could have been related to the PGE1. In patient 12, who was 5 months old, descending aortic pressure did not increase, although ascending aortic systolic pressure fell. This suggested that the ductus arteriosus did not dilate and that peripheral vasodilatation was responsible for the pressure fall. In the other infants not only was there a marked increase in descending aortic blood pressure and a reduction in the pressure gradient either across the coarctation or across the ductus arteriosus in those infants with aortic interruption, but an improvement in pH and Po2 and also noticeable clinical improvement as well.
In most instances the infant had not voided for many hours before study, and all passed urine after the PGE, infusion. This may have been related to improved renal perfusion or to a direct effect of PGE, on renal function. Clinical improvement in peripheral circulatory perfusion with improved capillary filling was evident in all of the infants. In addition, improvement in myocardial function resulting from afterload reduction may have occurred, as evidenced by the reduced left ventricular end-diastolic pressure in infants with juxtaductal coarctation. The tendency for Pco2 to increase also might have been related to improved left ventricular function, improvement in congestive heart failure and a reduction in respiratory rate.
We have shown that infusion of PGE1 has no deleterious effects on these infants, and it would therefore seem appropriate to continue the infusion until a surgical procedure, used to establish adequate systemic flow, has been completed. In those infants in whom the ductus arteriosus already is closed, it is unlikely that PGE1 will reopen the ductus arteriosus; however, a short trial infusion is probably indicated. Although one of the infants in whom a response was obtained was 28 days old, it is unlikely that PGE, will be as effective in children out of the immediate newborn period, as evidenced by the lack of response in the 5-month-old infant. The site of infusion does not appear to be critical, as similar responses were obtained with infusion into the aorta, main pulmonary artery or a peripheral vein. PGE, infusion is an effective and safe method to improve systemic blood flow in infants with congenital heart disease who depend on the ductus arteriosus to supply part or all of systemic blood flow. In severely ill infants in whom the diagnosis of coarctation or interruption of the aorta is clinically suspected, it might be AORTIC ATRESIA WITH VSD/Thiene et al. appropriate, and perhaps even life-saving, to start a PGE1 infusion before transfer of an infant to a center for definitive diagnostic evaluation by echocardiography and cardiac catheterization. However, systemic output also may be improved in infants with hypoplastic left heart syndrome; this has been our experience. Since clinical differentiation between hypoplastic left heart syndrome and other forms of left ventricular outflow obstruction is often difficult, it may be preferable to improve systemic blood flow temporarily in an occasional infant with the hypoplastic left heart syndrome than delay this in infants with surgically correctable lesions such as coarctation or interruption of the aorta.
Materials
Fifty-eight hearts with aortic atresia were obtained from the Department of Pathology at the University of Padova, Italy; the Thoracic Unit, The Hospital for Sick Children, London, England; and the Department of Pediatrics, Cardiothoracic Institute, Brompton Hospital, London, England. All hearts were from persons with viscero-atrial situs solitus and levocardia. In 37 hearts, we observed atrioventricular (AV) concordance, with the left atrium and the left ventricle connecting through a hypoplastic mitral valve. In 19 hearts, there was absence of the left AV connection (mitral atresia). In the remaining two hearts, both atria drained through a common AV orifice to a right ventricle,'3 a rudimentary chamber of left ventricular type being identified in both. In all hearts the hypoplastic ascending aorta was posterior and to the right of the pulmonary trunk.
